Rationale The ability to adjust response strategies when faced with changes in the environment is critical for normal adaptive behavior. Such behavioral flexibility is compromised by experimental disruption of cortical GABAergic signaling, as well as in conditions such as schizophrenia and normal aging that are characterized by cortical hyperexcitability. The current studies were designed to determine whether stimulation of GABAergic signaling using the GABA(B) receptor agonist baclofen can facilitate behavioral flexibility. Methods Male Fischer 344 rats were trained in a set-shifting task in which they learned to discriminate between two response levers to obtain a food reward. Correct levers were signaled in accordance with two distinct response rules (rule 1: correct lever signaled by a cue light; rule 2: correct lever signaled by its left/right position). The order of rule presentation varied, but they were always presented sequentially, with the trials and errors to reach criterion performance on the second (set shift) rule providing the measure of behavioral flexibility. Experiments determined the effects of the GABA(B) receptor agonist baclofen (intraperitoneal, 0, 1.0, 2.5, and 4.0 mg/kg) administered acutely before the shift to the second rule. Results Baclofen enhanced set-shifting performance. Control experiments demonstrated that this enhancement was not simply due to improved discrimination learning, nor was it due to impaired recall of the initial discrimination rule. Conclusions The results demonstrate that baclofen can facilitate behavioral flexibility, suggesting that GABA(B) receptor agonists may have utility for treating behavioral dysfunction in neuropsychiatric disorders.
Introduction
The ability to flexibly modify one's actions in response to changes in the environment is a critical aspect of normal adaptive behavior that is enabled by the prefrontal cortex (PFC). Deficits in behavioral flexibility are prevalent in psychiatric disorders such as schizophrenia and addiction and are also associated with normal aging (Beas et al. 2013; Buckner 2004; Cunha et al. 2013; D'Cruz et al. 2013; Everett et al. 2001) . Impairments in behavioral flexibility can result in maladaptive perseveration on response strategies that no longer produce the desired outcome and can interfere with the ability to complete the normal activities of daily living. Despite the fact that interventions for improving behavioral flexibility could offer significant clinical benefit, no such pharmacological treatments currently exist.
Behavioral flexibility can be assessed in the laboratory using set-shifting tasks. Although the task details can vary, all involve shifting between response rules. Specifically, after acquisition of an initial response rule, that rule ceases to be reinforced and another response rule is introduced, the contingencies of which predict the correct response. Set shifting reflects the ability to inhibit responding to the initial rule and adapt responding according to the second rule. Damage to primate dorsolateratal PFC or the rodent homologue, medial PFC (mPFC), does not impede learning of the individual response rules but significantly impairs the ability to shift between rules (Birrell and Brown 2000; Bissonette and Powell 2012; Darrah et al. 2008; Demakis 2003; Dias et al. 1996; Floresco et al. 2008; Owen et al. 1991; Ragozzino 2007; Uylings et al. 2003) . Beyond frank damage to PFC, behavioral flexibility is sensitive to perturbations in the balance of excitatory and inhibitory signaling within this brain region. Indeed, behavioral flexibility is impaired following a number of manipulations that disrupt GABAergic signaling, including neonatal ventral hippocampal lesions, intra-mPFC blockade of GABA(A) receptors, and genetically induced GABAergic interneuron dysfunction (Enomoto et al. 2011; Brady 2009; Cabungcal et al. 2014; Gruber et al. 2010; Lipska et al. 2003; Placek et al. 2013; Bissonette et al. 2014; Cho et al. 2015; Sparta et al. 2014) . Together, these findings suggest that pharmacologically enhancing inhibition may facilitate set shifting.
Both ionotropic GABA(A) receptors and metabotropic GABA(B) receptors mediate inhibitory signaling in the PFC; however, GABA(B) receptors are of particular interest as a therapeutic target for improving PFC-supported cognition. Presynaptically, GABA(B) receptors are localized to both GABAergic and glutamatergic terminals, where they regulate neurotransmitter release. Postsynaptically, these receptors are localized to pyramidal neuron dendrites where they mediate slow inhibition and contribute to inhibitory tone (Bettler et al. 2004; McQuail et al. 2015; Wang et al. 2010) . In transgenic mice with interneuron deficits, the selective GABA(B) receptor agonist baclofen normalizes pyramidal neuron hyperexcitability and restores gamma synchrony (Billingslea et al. 2014; Bortolato et al. 2007; Gandal et al. 2012; Henderson et al. 2012; Qin et al. 2015; Silverman et al. 2015) . Moreover, drugs targeting GABA(B) receptors (including baclofen) enhance several aspects of cognitive function in preclinical animal models, including some that depend on the PFC (Banuelos et al. 2014; Beas et al. 2016; Lasarge et al. 2009; Qin et al. 2015; Zhang et al. 2015) . Finally, baclofen has a strong safety profile, as it is used clinically as a treatment for spasticity, and has been explored as a treatment for addiction (Colombo et al. 2004; Franklin et al. 2009; Garbutt et al. 2010; Liu and Wang 2015; Margetis et al. 2014; Morley et al. 2014) .
The goal of this study was to determine whether pharmacological stimulation of GABA(B) receptors with baclofen can enhance behavioral flexibility in a set-shifting task (Beas et al. 2013; Floresco et al. 2008) . Rats initially learned to discriminate between response levers on the basis of one of two discrimination rules. After acquiring one of the rules, the rats were Bshifted^to the other rule following administration of baclofen or vehicle. We hypothesized that baclofen would facilitate behavioral flexibility as evidenced by enhanced acquisition of the second rule.
Methods Subjects
Male Fischer 344 rats (N = 145 total, 5 months of age upon arrival) were obtained from Charles River and single-housed in the AAALAC-accredited vivarium facility in the McKnight Brain Institute Building at the University of Florida, in accordance with University of Florida IACUC and NIH guidelines. The facility was maintained at 25°C with a 12-h light/dark cycle (lights on at 0800) with free access to food and water except as noted below. Prior to the start of experiments, rats were handled at least three times to minimize stress during testing. In addition, on the 2 days prior to drug injections, the rats were subjected to the handling procedures used during intraperitoneal (i.p.) injections (although no actual injections were given).
Apparatus
All testing was conducted in eight identical behavioral test chambers (30.5 × 25.4 × 30.5 cm, Coulbourn Instruments) composed of stainless steel front and back walls and transparent Plexiglas side walls. The floor was made of steel rods (0.4 cm in diameter) spaced 1.1 cm apart. A food pellet delivery trough was placed 2 cm above the floor in the center of the front wall. The food trough was equipped with a 1.12-W lamp for illumination and a photobeam for recording head entries. On each side of the trough, a retractable lever was located 11 cm above the floor, and a cue lamp (1.12 W) was placed 3.8 cm above each lever. Each chamber was located inside a sound-attenuating cubicle. An additional 1.12-W house light was mounted near the top of the rear wall of the cubicle. Food rewards consisted of individual 45-mg grain-based food pellets (PJAI, Test Diet) delivered into the food trough following a correct response. An infrared activity monitor was positioned above each test chamber to monitor locomotor activity. Test chambers were controlled by a computer equipped with Graphic State 3.01 software (Coulbourn Instruments).
Experimental procedures
Experiment 1: effects of systemic baclofen administration on set shifting from visual cue to left/right discrimination Behavioral shaping The design of the set-shifting task was based on that used by Floresco et al. (2008) and Beas et al. (2013) . Prior to the start of testing, rats (n = 45) were reduced to 85 % of their free feeding weights over the course of 5 days and maintained at these weights for the duration of the experiment. Rats progressed through four stages of shaping prior to the start of the set-shifting task, with new stages beginning the day immediately after completion of the previous stage. On the day prior to Shaping stage 1, each rat was given five 45 mg food pellets in its home cage to reduce neophobia to the food reward. Shaping stage 1 consisted of a 64-min session of magazine training, involving 38 deliveries of a single food pellet with an inter-trial interval (ITI) of 100 ± 40s. Shaping stage 2 consisted of lever press training, in which a single lever (left or right, counterbalanced across groups) was extended and a press resulted in delivery of a single food pellet. After reaching a criterion of 50 lever presses in 30 min, rats were trained on the opposite lever using the same procedures.
Shaping stage 3 consisted of 90 trials designed to train rats to press the levers upon their insertion into the test chamber. Each 20-s trial began with illumination of the house light and insertion of a single lever (left or right, randomly selected within each pair of trials) into the test chamber where it remained for a maximum of 10 s. A response on the lever in this time window resulted in lever retraction, delivery of a food pellet, and continued illumination of the house light for an additional 4 s. If a rat failed to respond on the lever within 10 s, the lever was retracted and the house light turned off, and the trial was scored as an omission. Rats received a minimum of four daily sessions in this stage and were trained until reaching criterion performance of fewer than ten omissions out of the 90 trials.
Shaping stage 4 was designed to determine each rat's side bias (inherent preference for one lever over the other). Each trial consisted of multiple phases. In the first phase, the house light was illuminated and both levers were inserted into the test chamber. A response on either lever resulted in retraction of both levers and delivery of a single food pellet. In the second phase of a trial, both levers were again inserted, but only a response on the lever opposite to that chosen in the first phase was rewarded. A response on the same lever chosen in the first phase (i.e., Bincorrect^) resulted in the levers being retracted and the house light being extinguished. After a Bcorrect^response in this second phase of a trial, a new trial was initiated, whereas after an incorrect response, the second phase was repeated until rats made a correct response. The session ended after a total of 45 completed trials. The side associated with the greatest number of total responses was considered a rat's Bbiased^side.
Visual cue discrimination Following shaping stage 4, rats were trained to press the lever associated with a visual cue (light). In this discrimination (Fig. 1a) , illumination of a cue light over one of the two response levers signaled the correct response, irrespective of the left/right position of the cue. Each 20-s trial began with illumination of one of the cue lights (left or right, randomly selected in each pair of trials). After 3 s, the house light was illuminated and both levers were inserted into the chamber (the cue light remained illuminated while the levers were extended). A press on the lever corresponding to the cue light (a correct response) resulted in the house light remaining on for 4 s, during which time, the levers were retracted, the cue light was extinguished, and a single food pellet was delivered. A response on the opposite lever (an incorrect response) or failure to respond within 10 s (omission) resulted in retraction of both levers and all lights being extinguished. Rats were considered to have acquired the task upon reaching criterion performance of eight consecutive correct trials (and at least 30 total trials, excluding omissions), with the maximum number of trials per session set at 120. If rats failed to acquire the task in a single session, they received additional sessions on subsequent days.
Left/right discrimination (set shift) After reaching criterion performance on the visual discrimination, rats were tested the next day on the left/right discrimination (i.e., the set shift; Fig. 1b ). In this condition, rats had to ignore the visual cue and instead choose the left or right lever (whichever was not their biased side as determined in shaping stage 4). Hence, accurate performance required rats to Bshiftt heir responding away from the visual cue and toward the left/right position of the lever. Beyond the change in reward contingencies, trials were identical to those in the visual cue discrimination in all other respects (i.e., on each trial, both levers were presented, with the cue light illuminated over one lever, randomly selected in each pair of trials). Rats were considered to have acquired the task upon reaching criterion performance of eight consecutive correct trials, excluding omissions. The maximum number of trials per session was set at 120 and rats that failed to acquire the task in a single session received additional sessions on subsequent days.
Drug administration Experiment 1 (Fig. 1c ) evaluated the effects of baclofen or vehicle on set shifting. Rats were assigned to one of the four drug conditions on the basis of their initial (visual cue) discrimination performance, such that the groups had approximately equivalent performance. Rats received an i.p. injection (1.0 ml/kg) of either the selective GABA(B) receptor agonist baclofen (1.0 (n = 11), 2.5 (n = 9), or 4.0 mg/kg (n = 6); Tocris, Ballwin, MO) or 0.9 % saline vehicle (n = 19) 20 min prior to set-shifting test sessions.
Data analyses Data files were exported from Graphic State software and compiled using a custom macro written for Microsoft Excel (Dr. Jonathan Lifshitz, University of Kentucky). Statistical analyses were conducted using SPSS 22.0. The total numbers of trials and errors required to achieve criterion on the initial discrimination and on the set shift (excluding trial omissions) were used as indices of performance. As the task design involved presentation of the same stimuli during both the initial discrimination and the set shift, the types of errors were also examined. Specifically, comparisons between drug conditions were performed separately for errors that involved responses corresponding to previously reinforced choices (the cue light was incongruent with the correct lever location and the rat chose based on the previous visual discrimination rule) and for errors that were never reinforced (the cue light and spatial location were congruent, and the rat's choice was not correct according to either discrimination rule (Floresco et al. 2008; Ragozzino et al. 2002) . In addition to these measures, numbers of omitted trials, response latencies (latencies to press one of the two levers after they were inserted into the chamber), and locomotor activity during ITIs were recorded. Comparisons between groups were conducted using one-way ANOVA and LSD post hoc tests when warranted. For all analyses, p values less than 0.05 were considered significant.
Experiment 2: effects of baclofen administration on set shifting from left/right to visual cue discrimination Experiment 2 was designed to determine whether baclofen enhanced set-shifting performance when rats were required to shift from a left/right to a visual cue discrimination (Fig. 1c) . A naïve cohort of rats (n = 36) was initially shaped as described in experiment 1. Following shaping, rats were trained on a modified version of the left/right discrimination task, which was identical to that described in experiment 1 except that a minimum of 30 trials (in addition to performing eight consecutive correct trials) was required to achieve criterion performance. As in experiment 1, this first session ended when rats reached criterion performance. These rats also received an additional session of 120 trials of left/right discrimination performance on the day after reaching criterion. This session was conducted to ensure that all rats developed an attentional Bset^prior to the set shift, as pilot studies suggested that initial learning of the left/right discrimination was too rapid for rats to develop a robust bias for this rule. Rats were assigned to one of four drug conditions on the basis of their initial (left/right) discrimination performance, such that the groups had approximately equivalent performance. On the following day, rats received an injection of either 0.9 % saline vehicle (n = 10) or one of three doses of baclofen (1.0 (n = 10), 2.5 (n = 10), or 4.0 (n = 6) mg/kg), followed by testing in the visual cue discrimination.
Experiment 3: effects of baclofen administration on discrimination learning
This experiment was designed to test whether baclofen enhances left/right or visual cue discrimination learning in the absence of a rule shift (Fig. 1c) . Two naïve cohorts of rats (n = 23 and n = 18) underwent shaping procedures as described in experiment 1. Following completion of shaping, rats were assigned to either the left/right or visual cue discrimination task and randomly assigned to drug conditions. Rats were given an i.p. injection of either 0.9 % saline vehicle or baclofen (1.0 or 2.5 mg/kg) prior to testing on acquisition of the left/right or visual cue discrimination task (i.e., in the absence of learning a prior discrimination rule). Group sizes Fig. 1 Schematic of the setshifting task and experimental designs. The set-shifting task employed two types of discrimination: visual cue discrimination and left/right discrimination. a During the visual cue discrimination, rats were required to respond on the lever illuminated by a cue light, irrespective of its left/right location. b During the left/right discrimination, rats were required to respond on the lever in a particular location (e.g., as in the illustration, always press the left lever), irrespective of whether that lever was illuminated by the cue light. c Outline of each of the four experiments were n = 8, 7, and 8 for groups in the left/right discrimination and n = 6, 6, and 6 for groups in the visual cue discrimination, respectively.
Experiment 4: effects of baclofen on retrieval of a previously learned discrimination rule This experiment was designed to test the possibility that baclofen impairs recall of a previously learned response rule (Fig. 1c) . A naïve cohort of rats (n = 23) was shaped and trained on the visual cue discrimination task as in experiment 1. After reaching criterion performance on the visual cue discrimination, rats were assigned to drug conditions such that the groups had approximately equivalent performance. The following day, rats received an i.p. injection of either 0.9 % saline vehicle (n = 8) or baclofen (1.0 (n = 7) or 2.5 mg/kg (n = 8)) and re-tested in the same visual cue discrimination task.
Results
Experiment 1: effects of systemic baclofen administration on set shifting from visual cue to left/right discrimination Comparisons of performance on the initial visual cue discrimination confirmed that there were no differences between groups in the number of trials needed to reach criterion (Fig. 2a) . On the set shift (left/right discrimination), comparisons of performance following vehicle or baclofen administration revealed significant drug effects on both trials (F(3, 44) = 4.74, p < .05; Fig. 2b ) and errors (F(3, 44) = 5.73, p < .05; Fig. 2c ) to criterion. Post hoc comparisons showed that on both measures, the 2.5 and 4.0 mg/kg doses of baclofen significantly enhanced performance compared to vehicle (ps < 0.05). Because the task design involved explicit presentation of the same set of stimuli during both the initial discrimination and the set shift, the nature of the errors committed during acquisition of the set shift was further investigated. As shown in Fig. 2c , the analysis of error type revealed a main effect of drug on previously reinforced errors (F(3, 44) = 6.32, p < .05), with post hoc comparisons showing that both the 2.5 and 4.0 mg/kg dose groups performed significantly better than the vehicle group. In contrast, there were no differences between drug groups in the number of neverreinforced errors. Considered together, these data suggest that systemic baclofen administration enhances behavioral flexibility.
Experiment 2: systemic baclofen administration enhances set shifting from left/right to visual cue discrimination To determine whether the results of experiment 1 were independent of the type of discrimination learning involved, a new cohort of rats (n = 36) was shifted in the opposite direction from the cohort in experiment 1. Specifically, rats were initially trained on the left/right discrimination task and, upon reaching criterion performance, received vehicle or baclofen followed by a shift to the visual cue discrimination task. Comparison of performance on the initial, left/right discrimination revealed no group differences in the number of trials required to reach criterion (Fig. 3a) . As in experiment 1, comparison of performance on the set shift (visual cue discrimination) following vehicle or baclofen administration revealed significant drug effects on both trials (F(3, 32) = 4.22, p < 0.05; Fig. 3b ) and errors (F(3, 32) = 4.91, p < 0.05; Fig. 3c ) to criterion. Post hoc comparisons showed that on both measures, the 1.0 and 2.5 mg/kg baclofen groups performed significantly better than the vehicle group (ps < 0.05). An error type analysis conducted as in experiment 1 revealed a main effect of drug on previously reinforced errors (F(3, 32) = 4.02, p < 0.05), but no effect on never-reinforced errors. Experiments 1 and 2 showed that baclofen enhanced acquisition of both a left/right and a visual cue discrimination rule in the context of a set shift (i.e., following learning of a previous rule). These data suggest that baclofen enhances behavioral flexibility; however, an alternative explanation is that baclofen more generally enhances discrimination learning. To assess this possibility, the effects of baclofen on acquisition of the left/ right and visual discrimination rules were tested in the absence of prior rule learning. Comparisons of performance revealed no effects of drug condition on the number of trials to reach criterion on either the left/ right (Fig. 4a ) or visual cue (Fig. 4b ) discrimination, suggesting that the effects of baclofen on set shifting observed in experiments 1 and 2 were not the result of non-specific enhancement of discrimination learning.
Experiment 4: effects of baclofen on retrieval of a previously learned discrimination rule
As baclofen can impair memory in certain contexts (Arolfo et al. 1998; Castellano et al. 1989; Stackman and Walsh 1994) , it is possible that the enhanced setshifting performance observed in experiments 1 and 2 resulted from effects of baclofen on recall of the initial discrimination rule. Specifically, impaired recall of the initial rule would be expected to minimize interference from the previously learned contingencies, thereby facilitating learning of the second rule. To test this possibility, rats were trained on the visual cue discrimination task. Upon reaching criterion, rats were assigned to drug groups as in experiment 1 and then re-tested on the visual discrimination task on the following day.
Comparisons of performance revealed no differences between drug groups in the number of trials required to initially acquire the visual discrimination task (Fig. 5a) . : baclofen had no effect on recall of visual cue discrimination learning. a Trials to criterion on acquisition of the visual cue discrimination. b Trials required to re-establish criterion performance on re-test of the visual cue discrimination following vehicle or baclofen (1.0 or 2.5 mg/kg) administration. Data are expressed as mean + SEM baclofen, comparisons of performance revealed no differences between drug groups in trials to reach criterion during the re-test of the visual discrimination task (Fig. 5b) . These results show that baclofen does not impair recall of a previously learned response rule.
Effects of baclofen on trial omissions, locomotor activity, and response latency n addition to choice accuracy described above, other measures of task performance were assessed with the intent of determining whether non-specific effects of baclofen could account for the drug's enhancement of set shifting. As reported below and in Table 1 , baclofen did influence trial omissions, response latency, and locomotor activity in some experiments; however, these effects were inconsistent across experiments and could not account for baclofen's effects on set shifting. In experiment 1 (visual cue to left/right shift), baclofen produced an increase in the number of omitted trials (F(3, 44) = 4.53, p < 0.05) and mean latency to lever press (F(3, 44) = 5.26, p < 0.05), but no significant effects of baclofen were observed in experiment 2 (left/right to visual cue shift) on any of these measures. In experiment 3, baclofen produced a significant increase in response latency (F(2, 20) = 11.92, p < 0.05) and a decrease in locomotor activity (F(2, 20) = 9.40, p < 0.05) on the left/right discrimination but had no significant effects on the number of trial omissions. In contrast, baclofen produced a significant increase in trial omissions (F(2, 17) = 10.02, p < 0.05) on the visual cue discrimination in experiment 3 but no changes in response latency or locomotor activity. Baclofen had no effect on any of the measures in experiment 4. Discussion 2Baclofen is used clinically for treatment of muscle spasticity associated with multiple sclerosis and cerebral palsy (Baker et al. 2014; Overgard et al. 2015; Rekand and Gronning 2011) . More recently, it has been investigated for treatment of addiction and autistic disorders. (Kahn et al. 2009; Muzyk et al. 2012) ; (Berry-Kravis et al. 2012; Erickson et al. 2014) . It is notable that these latter conditions are characterized by behavioral inflexibility, including impairments in laboratory setshifting tasks (Casten et al. 2011; Maes et al. 2011; Van der Molen et al. 2012 ). Based on this prior clinical work, the goal of the current studies was to test the utility of baclofen to specifically enhance behavioral flexibility. Indeed, impaired flexibility accompanies many neuropsychiatric diseases and can contribute to maladaptive perseverative behaviors and an inability to readily accomplish the activities of daily living (D'Cruz et al. 2013; Enomoto et al. 2011; Floresco et al. 2009; Gass et al. 2014; George et al. 2015; Gruber et al. 2010; Placek et al. 2013) . The current experiments demonstrate that acute systemic baclofen administration facilitates behavioral flexibility in rats and suggest that this drug may be of utility for clinical conditions in which behavioral flexibility is impaired. Experiments 1 and 2 used a set-shifting task to demonstrate that systemic baclofen administration enhances behavioral flexibility. This task required the effective inhibition of an initial discrimination rule and an adaptation to response contingencies associated with a second (set shift) rule. Rats given baclofen required fewer trials and errors to reach criterion performance on the second rule compared to rats given vehicle. These data are consistent with the interpretation that baclofen enhanced the ability to shift effectively from one response strategy to another. Notably, however, an alternative explanation for this pattern of performance is that baclofen directly enhanced learning of the second rule (left/right lever discrimination in experiment 1 and visual cue discrimination in experiment 2), rather than facilitating behavioral flexibility per se. Indeed, in rodents, baclofen is reported to enhance performance on delayed response and radial arm maze tasks and to reverse methamphetamine-induced deficits in object recognition (Arias et al. 2009; Escher and Mittleman 2004; Levin et al. 2004) . Experiment 3 addressed this possibility by evaluating the effects of baclofen on acquisition of the left/right and visual cue discrimination in rats that had not already learned a competing response rule (i.e., when task acquisition did not require a rule shift). Under these conditions, baclofen had no effect on acquisition of either rule, demonstrating that this drug does not broadly enhance either type of discrimination learning. The distinct effects of baclofen in experiments 1 and 2 vs. experiment 3 are consistent with findings from prior behavioral pharmacology and lesion/inactivation studies demonstrating that different neural mechanisms mediate learning of an initial discrimination rule compared to learning to shift from one rule to another. Systemic administration of antagonists at muscarinic cholinergic and 5-HT7 receptors (Chen et al. 2004; Nikiforuk 2012) , as well as acute or chronic stress (Bondi et al. 2008; Butts et al. 2013) , alter set-shifting performance without affecting initial discrimination learning. Similarly, lesions or inactivation of mPFC impair set shifting but not initial discrimination learning (Birrell and Brown 2000; Bissonette and Powell 2012; Bissonette et al. 2013; Floresco et al. 2008; Ragozzino 2007) . These latter studies suggest that the mPFC is a potential site of action for the enhancing effects of baclofen on set shifting; indeed, we recently showed that intra-mPFC baclofen administration enhances set-shifting performance in aged Fischer 344 rats in a manner similar to that in experiment 1 (Beas et al. 2016) . Future experiments in which baclofen is administered directly into the young rat mPFC prior to set shifting would be useful for confirming the site of action for the behavioral enhancement reported here.
The fact that baclofen facilitated set shifting irrespective of the order of the presentation of discrimination rules (experiments 1 and 2) provides support for the conclusion that its enhancing effects are not unique to a particular set of discrimination contingencies but instead reflect improved behavioral flexibility (i.e., an enhanced ability to shift from one rule to another). It is notable, however, that while baclofen enhanced set shifting in both conditions, the most effective doses differed somewhat depending on the direction of the shift. Both 2.5 and 4.0 mg/kg baclofen improved performance of rats shifted from the visual cue to left/right discrimination, whereas 1.0 and 2.5 mg/kg baclofen improved performance of rats shifted from the left/right to visual cue discrimination. Importantly, pharmacological manipulations that enhance cognitive performance almost always, if not always, do so in an inverted U-shaped dose-response curve, such that doses that are too low have no effect and doses that are too high may also have no effect or even impair performance (Arnsten et al. 2015; Wood et al. 2014) . The peaks of these curves (i.e., the most effective doses) are influenced by a variety of factors including the specific task demands, stress levels, and animal strain. In the current study, the differences in the effective doses of baclofen may relate to the relative difficulty of the two discriminations employed. A previous study showed that increasing the difficulty of the second (shift) discrimination rendered performance more sensitive to the effects of mPFC inactivation (Floresco et al. 2008) . In a similar manner, the greater difficulty of the visual cue discrimination compared to the left/right discrimination in the present study (compare vehicle group performance in Figs. 2b and 3b) may have rendered performance more sensitive to the effects of a lower dose of baclofen.
Accurate performance on the set-shifting task requires not only acquisition of a new response rule but also effective inhibition of a previously learned response rule. Given that baclofen can impair memory in a variety of contexts (Arolfo et al. 1998; Castellano et al. 1989; Stackman and Walsh 1994) , one explanation for its enhancing effects on set shifting is that it may interfere with recall of the initial discrimination rule. Impaired recall of the initial rule would be expected to facilitate set shifting, as there would be less interference from this prior learning during acquisition of the second rule. Experiment 4 addressed this possibility by evaluating the effects of baclofen on retention of an initial (visual cue) discrimination rule at the same time point at which the second rule was introduced in the set-shifting task in experiment 1.
Baclofen had no effect on performance in this context, suggesting that the enhancing effects of baclofen on set shifting cannot be attributed to impaired recall of the initial discrimination rule.
Baclofen can induce sedation and reduced locomotor activity in rodents (Beveridge et al. 2013; Li et al. 2013) . Consistent with such findings, baclofen reduced locomotor activity and increased response latencies and trial omissions in some of the experiments (Table 1) . For several reasons, however, it is unlikely that these effects account for baclofen's actions on set shifting. First, because the task employed a discrete-trial procedure, an increase in trial omissions or response latencies would not be expected to influence choice accuracy (which reflected whether trials were correct or incorrect rather than the number of correct trials, as omitted trials were excluded when calculating trials and errors to criterion). Second, the effects of baclofen on locomotion, response latencies, and trial omissions were inconsistent across experiments, suggesting that its non-specific actions on task performance were relatively weak. Most importantly, however, baclofen had no effect on locomotion, response latencies, or trial omissions in experiment 2, in which it robustly enhanced set shifting. This finding suggests that the effects of baclofen on these measures were unrelated to its enhancing effects on set shifting.
It is notable that some previous studies have reported that Fischer 344 rats are more anxious in comparison to other rat strains (Faraday 2002; van der Staay et al. 2009 ). As baclofen has been used clinically to reduce anxiety (Knapp et al. 2007; Li et al. 2013; Morley et al. 2014 ) and stress/anxiety can modulate behavioral flexibility (Butts et al. 2013; Hurtubise and Howland 2016) , one interesting, albeit speculative, hypothesis is that the enhancement in behavioral flexibility produced by baclofen in the current study is via its anxiolytic properties. While this represents a fertile avenue of future investigation, it is notable that baseline (vehicle) Fischer 344 set-shifting performance in the current study was actually slightly better than in a previous study from our lab using identical task parameters in Long-Evans rats (Shimp et al. 2015) . As the Long-Evans strain is reported to be less anxious than others (Turner and Burne 2014) , it is unlikely that excessive anxiety in the Fischer 344 strain was the sole mediating factor for the enhancing effects of baclofen on behavioral flexibility observed here.
